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Abstract
Background: Full-thickness burn wounds require excision and skin grafting. Multiple surgical procedures are
inevitable in managing moderate to severe full-thickness burns. Wound bed preparations prior to surgery are
necessary in order to prevent wound infection and promote wound healing. Honey can be used to treat burn
wounds. However, not all the honey is the same. This study aims to evaluate the wound contraction and
antibacterial properties of locally-produced Tualang honey on managing full-thickness burn wounds in vivo.
Methods: Thirty-six female Sprague Dawley rats were randomly divided into three groups. Under anaesthesia, three
full-thickness burn wounds were created on the dorsum of the rats. The full-thickness burn wounds were
inoculated with a specific organism (10
4), namely Pseudomonas aeruginosa (n = 12), Klebsiella pneumoniae (n = 12),
or Acinetobacter baumannii (n = 12). The three burn wounds were dressed with Tualang honey, hydrofibre and
hydrofibre silver respectively. Swab samples were obtained every 3 days (day 3, 6, 9, 12, 15, 18 and 21) for
quantitative and semi-quantitative microbiological analyses. Clinical assessments, including observations concerning
the appearance and wound size, were measured at the same time.
Results: There was a rapid 32.26% reduction in wound size by day 6 (p = 0.008) in the Tualang honey-treated
wounds, and 49.27% by day 15 (p = 0.005). The wounds remained smaller by day 18 (p < 0.032). Tualang honey-
treated rats demonstrated a reduction in bacterial growth in Pseudomonas aeruginosa inoculated wounds
(p = 0.005). However, hydrofibre silver and hydrofibre-treated wounds are superior to honey-treated wounds with
Acinetobacter baumannii (p = 0.035). There was no statistical significant of antibacterial property in Klebsiella
pneumonia inoculated wounds.
Conclusions: Tualang honey has better results with regards to its control of Pseudomonas aeruginosa and its
wound contraction effects on full-thickness burn wound in vivo.
Background
Full-thickness burn wounds will not heal spontaneously,
and inevitably need excision. Closure of the resultant
wound is required in order to reduce the risks of inva-
sive infection, which can result in systemic sepsis. In a
majority of patients with full-thickness burns, early exci-
sion and immediate autografting is recommended [1]. In
addition, it has been shown that full-thickness burn
w o u n d sa r em o r ec o m m o n l ya s s o c i a t e dw i t hi n f e c t i o n
than other tissue defects [2]. Infection of full-thickness
burn wounds is frequently caused by bacterial organ-
isms; the most common are Pseudomonas aeruginosa,
Klebsiella pneumoniae and Acinetobacter baumannii.
Given these problems, development of an alternative
technique or dressing to reduce burn wound infection is
of importance.
Honey can be a remedy for wound care. It is the old-
est remedy for treating wounds, and dates back to the
sixth century AD [3]. The ancient Egyptians used honey
in a grease-honey-lint dressing to put on infected
wounds. This traditional cure was displaced in the 1940
s, before bacteria were discovered to be the cause of
infection and with the discovery of antibiotics. It has
recently been rediscovered by the medical profession,
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agents fail and with the trend of antibiotic-resistant
wounds.
The current prevalence of antibiotic-resistant micro-
bial species has led to a re-evaluation of the therapeutic
use of ancient remedies such as honey. Honey has been
reported to aid in wound healing, as it has special anti-
bacterial and antibiotic properties [4]. More recently,
honey has been reported to have an inhibitory effect on
approximately 60 species of bacteria, including aerobes
and anaerobes, gram-positive and gram-negative bacteria
[5]. An antifungal action has also been observed for
some yeast and species of Aspergillus and Penicillium,a s
well as all the common dermatophytes [5,6]. There are
now many published reports describing the effectiveness
of honey in rapidly clearing infections from wounds and
protecting wounds from becoming infected [5,7-10].
Thus, it provides a moist healing environment without
the risk of bacterial growth occurring, and with no
adverse effects to slow the healing process. An infected
wound will not heal unless bacteria are eliminated, as
bacteria stimulate the inflammatory response, which can
hinder the process of wound healing.
A honey dressing can undoubtedly be used on many
types of wounds. Hence, previous study has produced
an ideal wound dressing incorporating calcium alginate
fibres and active Manuka honey [11]. It is believed that
this alginate dressing offers antibacterial barrier protec-
tion and encourages wound healing. Many researchers
have established the potency of Manuka honey to heal
infected wounds and prevent bacterial infection [5,11].
However, not all honey is the same.
Tualang honey is a type of honey produced locally in
Malaysia. The major components of Tualang honey are
furfural derivatives such as 5-(hydroxymethyl)-furfural
or HMF (25.4-185.6 mg/kg), furfural (46.9-58.5 mg/kg),
2-furylmethylketone (0.2-0.9 mg/kg), 5-methyl furfural
(2.2-3.6 mg/kg) and fatty acids such as palmitic acid
(341.0-531.4 mg/kg), ethyl linoleate (2.0-46.7 mg/kg)
and ethyl oleate (1.6-19.1 mg/kg) [12]. A local study
about the volatile components of Tualang honey has
revealed 35 volatile compounds compared to other stu-
dies by Lušić and Odeh [13]. Odeh identified 30 com-
pounds in Palestinian honey and Lušić identified 37
compounds from lime tree honey samples using solid
phase microextraction (SPME) [14,15]. Tualang honey
shares similar compounds, but it contains compounds
that were not documented in literature before. They are
terpenes and phynylethanal, which have significant
results on microbiological activity. Terpene is a type of
phytochemicals that contributes to the antimicrobial
activity of honey [16]. Phenylethanal is an enzyme,
reported to have some bactericidal effects.
Nuriza had performed an in vitro experiment on anti-
bacterial activity of 5 types of Malaysian honey: Tua-
l a n g ,H u t a n ,G e l a n g ,P u c u kD a u nand Ee Feng Gu.
Significant variation in composition of the honeys was
noted. Tualang, Pucuk Daun and Ee Feng Gu honey had
significant antibacterial activity against S.typhi, Staphy.
aureus, S.Sonnie and E.coli in vitro [17].
Clostridium botulinum survives in honey, and there-
fore wound is at risk of botulism [18]. It is therefore
recommended the honey to be sterilized by gamma irra-
diation at a dose of 25 kGy. Study has shown that radia-
tion at 25 and 50 kGy do not affect the quality of honey
used [19].
The good wound healing properties of Malaysian
honey is based on the previous studies of positive effect
of honey on animal study, whereby the efficacy of using
honey dressing was established [20,21]. To our knowl-
edge, there is no published report on animal study test-
ing specifically the efficacy of Tualang honey compared
to hydrofibre silver on full thickness burn wound. This
study performed a direct comparison with the most
commonly used modern dressing in clinical practice.
This study used Tualang honey which has not been stu-
died using randomized method on full thickness burn
wound; which represents a robust study design. Further
research is needed to optimize the effective use of this
agent in clinical practice. Nevertheless, its potency on
wound healing and the effectiveness of its antibacterial
properties can be studied in vivo before clinical use.
This study was conducted to evaluate the wound healing
and antibacterial properties of Tualang honey in full-
thickness burn wounds in a Sprague Dawley rat model.
Methods
Study design
A randomized method was used for this animal study.
This study was performed in the Laboratory of Animal
Research Unit, Universiti Sains Malaysia. All the Sprague
Dawley rats in this study were purchased from the ani-
mal centre of Hospital Universiti Sains Malaysia. The
sample size was estimated using the two proportions
formula with an 80% confidence interval. The sample
size calculation was performed using the Power and
Sample Size Calculation system (PS), with a type 1 error
of 0.025. A total of 36 rats were required for this study.
The inclusion criteria included Sprague Dawley rats
weighing between 250 and 350 grams.
Experimental protocol
All Sprague Dawley rats received humane care in com-
pliance with the ‘Principles of Laboratory Animal Care’
formulated by the American Society for Medical
Research and the ‘G u i d ef o rt h eC a r ea n dU s eo f
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emy of Sciences and published by the National Institute
of Health, United States of America. This study was
approved by the university’s animal ethics committee,
USM Health campus with reference number of USM/
Animal Ethics Approval/2007/(34)(108).
The rats were housed individually in cages, and fed
with free access to standard commercial rat food and
water throughout the study. Thirty six rats was divided
into 3 groups randomly i.e. 12 rats in each group
(Group A, B & C).
Tualang honey certified by Federal Agricultural Mar-
keting Authority (FAMA), Malaysia, was used for
wound dressing. This honey was collected in February
and March of year 2009. This honey was sterilized by g-
irradiation at a dose of 25 kGy. The samples were stored
in sealed, Teflon-coated plastic vials with silicone septa
(Alltech, Milano, Italy) in a cool place before use.
Hydrofibre and hydrofibre silver dressings used are plain
Aquacel and Aquacel silver respectively. These dressings
are produced by ConvaTec Inc, Skillman NJ 08558.
Anaesthesia and surgical protocol
On the day of wounding, the rats were placed in a ven-
tral position and immobilized on their abdomen for the
surgery. The dorsum of each rat was shaved. Immedi-
ately before the operation, the rats were anaesthetized
with an intramuscular injection of 35.0 mg/kg Ketamine
and 5.0 mg/kg Xylazine in the gluteal area. When fully
anaesthetized, the shaved areas were cleaned with povi-
done iodine, alcohol and Hibiscrub®. The operation site
was isolated with a sterile towel. Full-thickness burn
wounds were created using sterile technique on the dor-
sum of the rats using hot metal heated with a burner at
a temperature of 100°C for 30 seconds. A total of three
full-thickness burn wounds were created on the dorsum
of each rat. Each wound was 10 mm by 10 mm, 20 mm
apart. The wound was inoculated with 10
4 colony form-
ing unit (CFU) of one of three common skin wound
contaminants, namely Pseudomonas aeruginosa (Group
A, n = 12), Klebsiella pneumonia (Group B, n = 12) or
Acinetobacter baumannii (Group C, n = 12). All the
wounds in Group A (n = 12) were inoculated with Pseu-
domonas aeruginosa.A l lt h ew o u n d si nG r o u pBw e r e
inoculated with Klebsiella pneumonia.A l lt h ew o u n d s
in Group C were inoculated with Acinetobacter bau-
mannii. All the rats (Group A, B & C) received honey
dressing on the first burn wound, hydrofibre on the sec-
ond wound, and hydrofibre silver on the last wound. A
thin layer of pure undiluted Tualang honey (0.1 ml/
cm
2) was applied topically to the first burn wound and
filled up the wound. It was then covered with plain
gauze. Hydrofibre and hydrofibre silver were applied to
the other two wounds. All the dressing materials were
covered with plain gauze separately. All the wounds
were reinforced with crepe bandage. Thus, each group
of rats received three wound dressings (Tualang honey,
hydrofibre, and hydrofibre silver).
Post-surgery care and follow up
The animals were monitored immediately postopera-
tively for spontaneous breathing efforts and movement.
After surgery, each animal was housed in an individual
cage in a room and fed with standard rat diet and
water, post-operative subcutaneous injection of mor-
phine 0.02 mg/kg was given. All wounds were cleaned
with normal saline and treatment reapplied every three
days. All wounds were assessed clinically according to a
scoring system (Table 1). The rats were then humanely
euthanized with an intra-peritoneal injection of 5 mg
phenobarbitone sodium.
Evaluation of wound size
The wounds were subjected to evaluation every three
days, i.e., on day 3, 6, 9, 12, 15, 18 and 21. Each wound
was examined and photographs were taken after burn
wound creation until healing was complete. Clinical
assessments included observations concerning the
appearance, and the wound size was measured using
graph paper (mm
2). The wound size was measured from
the periphery of the wound.
Microbiological examinations
Swabs were taken from the burn wound during each dres-
sing change on day 3, 6, 9, 12, 15, 18 and 21. The collected
swabs were immediately sent to the laboratory for testing.
In the quantitative count study, 2 ml of normal saline
was added to each of the samples. The sample was vor-
texed thoroughly and a 10-fold serial dilution was per-
formed. Eight hundred microliters of each sample
dilution was spread onto Tryptic Soy Agar (TSA). Two
replicates were carried out for each dilution, and the
agar plates were incubated at 37°C for 24 hours. The
colonies were counted, and results were tabulated [22].
In the semi-quantitative analysis, swabs from wounds
were spread onto blood agar plates according to the
method described by Henry [23]. After 24 hours incuba-
tion at 37°C, the blood agar plates were removed from
the incubator and the growth of bacteria on each plate
was scored as stated in Table 2.
Statistical analysis
All the data were examined statistically. Data entry and
analysis were done using Statistical Package for Social
Sciences (SPSS) version 12.0. The values were expressed
as Mean and Standard Deviation. Repeated measure-
m e n t so fA n a l y s i so fV a r i a n c e( A N O V A )w e r eu s e dt o
compare mean differences and numerical data between
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cance was set at 0.05.
Treatment groups were used as the independent
grouping variable, and the wound contraction size (mm)
and the quantitative and semi-quantitative count of
micro-organisms were used as the dependent variable.
The association between the dressing material and
microbiological analysis was examined by non-parametric
t-test. The final model of wound size used Kruskal-Wallis
test. The p value was significant, thus the model was fit.
The main purpose of the model was to determine the
interactions by using a two-way interactions test.
Results
Clinical examinations
Tualang honey dressing was more flexible, less adherent
to the wound base, easier to peel off during dressing
changes and caused less fluid accumulation in the
wound.
Comparison of the time course of post-burn wound
sizes in the Tualang honey-treated wounds and hydro-
fibre silver-treated wounds showed that the mean
wound size in the former group was statistically smal-
ler. Wound size was found to be markedly reduced in
the Tualang honey-treated wounds on day 3, 9 and 15
(Figure 1). The wounds showed a reduction in size of
12.86% by day 3 from the original 100 mm
2 in the
Tualang honey-treated wounds (p = 0.010). They
further decreased in size of 33.94% by day 9 post-burn
respectively (Figure 2). In the hydrofibre silver-treated
wounds, the reduction from the original wound size
was only 2.20% on day 3 (p = 0.010). The wounds
w e r er e d u c e db y1 3 . 7 4 %b yd a y9( p =0 . 0 0 3 ) .
Over time, the reduction of wound size was shown in
Figure 2. To determine the long term effect of Tualang
honey on burn wounds, the wound healing process was
observed up to 21 days. On day 21, honey-treated
wounds in Pseudomonas aeruginosa inoculated group
and Acinetobacter baumannii inoculated groups healed
completely. The remaining wounds in Pseudomonas
aeruginosa inoculated group and Acinetobacter bau-
mannii inoculated groups and all the wounds in Kleb-
siella pneumonia inoculated wounds did not healed
completely.
Table 1 Dressing and wound evaluation system
Dressing Evaluation
Flexibility 0 1 2 3
(Not flexible) (Minimal flexible) (Moderate flexible) (Flexible)
Adherence 0 1 2 3
(Non-adherent) (Minimal-adherent) (Moderate-adherent) (Good adherent)
Ease of removal 0 1 2 3
(Very Difficult) (Difficult) (Easy) (Very easy)
Fluid accumulation 0 1 2 3
(Yes) (Moderate) (Minimal) (No)
Wound Evaluation
Dryness of wound area 1 2 3
Wet Dry
Exudation 1 2 3
Heavy exudates Exudate No exudates
Wound Odour 1 2 3
Strong Odour Mild Odour Odourless
Wound Contraction 1 2 3
Very Contracted Contracted Not Contracted
Table 2 Semi-quantitative analysis scoring system for
microbiological examinations
Score Number of colonies in the streak area
1
st Quadrant 2
nd Quadrant 3
rd Quadrant
1+ <10
2+ <10 <5
3+ >10 >5 <5
4+ >10 >5 >5
Khoo et al. BMC Complementary and Alternative Medicine 2010, 10:48
http://www.biomedcentral.com/1472-6882/10/48
Page 4 of 8Microbiological examinations
In the quantitative analysis, the Tualang honey-treated
rats demonstrated a reduction in bacterial growth com-
pared to hydrofibre silver and hydrofibre-treated wounds
in Pseudomonas aeruginosa inoculated wounds (p =
0.005), with marked bacterial growth reductions on day
3, 12, 15, 18 and 21 of the experiment (Figure 3). How-
ever, hydrofibre silver and hydrofibre-treated wounds
were superior to honey-treated wounds in Acinetobacter
baumannii inoculated wounds (p =0 . 0 3 5 ) .T h e r ew a s
no statistically significant difference between the three
dressing materials used in Klebsiella pneumonia inocu-
lated wounds.
The semi-quantitative examinations of the three
organisms, Pseudomonas aeruginosa, Klebsiella pneumo-
niae and Acinetobacter baumannii, in the full-thickness
burn wounds were performed in this study. In the Pseu-
domonas aeruginosa group, wounds treated with
Tualang honey had decreased bacterial counts in the
initial 6 days post-burn injury (day 3 and 6). By day 18
of the experiment, the bacterial growth was reduced to
minimal in Tualang honey-treated and hydrofibre silver-
treated wounds. There was no statistically significant
difference in Klebsiella pneumoniae and Acinetobacter
baumannii inoculated wounds.
Discussions
Many reports have been published about the usefulness
of honey in wound management [5,11,24,25]. Honey is
commonly utilized to dress wounds, for instance in
burn wounds and other infected wounds [26]. Treat-
ment of fresh wounds with honey was noted to produce
increased wound contraction and an increase in granula-
tion tissues [27]. Not all the honeys are the same; differ-
ent types of honey have been used in many animal
experiments to show acceleration in wound healing and
its antibacterial properties [17,19,28]. The utility of Tua-
lang honey for dressing burn wounds was demonstrated
in this study.
The efficiency and efficacy of the topical application of
honey on burns have been reported by previous study
[21]. Molan found that the application of Manuka
honey accelerated healing in acute wounds, chronic
ulcers, burns, MRSA infections and infected wounds
[29]. It shortens the healing period of the wounds.
Hence, it is used in this study to test its properties on
full-thickness burn wounds in an animal model.
A report revealed that a honey dressing enhances
wound contraction in fresh wounds, which is one of the
key features of wound healing [27]. It is clear from this
experiment that the in vivo wound contraction of burn
Figure 1 In Pseudomonas aeruginosa inoculated groups, post-burn wounds on day 3; day 9 and day 15.
Figure 2 Comparison of wound size among three different
dressing materials on burn wounds over time.
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greater than with the hydrofibre silver and hydrofibre
dressing. It is especially true in the first 6 days post-
burn injury, when marked wound contraction was
observed. The area of the wound was smaller, and
epithelialization from the periphery of the wound edge
was increased. The wound healing process was acceler-
ated in the first 2 weeks in Tualang honey-treated
wounds as compared to hydrofibre silver-treated
wounds, throughout our experimental study. This shows
that Tualang honey has the effect of promoting wound
contraction in full-thickness burn wounds.
In this study, we noticed that the scabs formed by the
honey-treated wounds were thinner compared to the
other two treatment groups. It is believed that this con-
dition could be attributed to the moist environment cre-
ated by the honey due to its viscosity and high sugar
content. Thus, thinner scabs form smaller barriers for
the epithelialization to occur, and further accelerate the
healing process. This observation indicates that the
maximum wound contraction was in the Tualang honey
group. This result was obtained by applying 0.1 ml/cm
2
concentration of honey topically on the burn wounds.
Our results suggest that Tualang honey applied topically
to the burn wound accelerates the healing process. This
will reduce the amount of autologous skin grafting
necessary for full-thickness burn wound coverage, espe-
cially in minor burn.
After the creation of full-thickness burn wounds on
Sprague Dawley rats, the Tualang honey was applied to
the burned areas for 21 days, with treatment application
every 3 days. Swab samples were collected at day 3, 6, 9,
12, 15, 18 and 21 after the burn wound was created. The
amount of the specific organism was analyzed using both
quantitative and semi-quantitative methods. Molan
demonstrated that Manuka honey has antibacterial prop-
erties against the Staphylococci and Pseudomonas aerugi-
nosa [29]. There is report that honey is able to inhibit
growth of both Gram-negative and Gram-positive
organisms [30]. It is believed that the antimicrobial prop-
erties maybe due to hyper-tonicity and low pH, as well as
catalase in the honey, which inhibits the growth of micro-
organisms [6,28]. The effectiveness of honey as a dressing
material can be attributed to its antimicrobial properties.
The effectiveness of antibacterial properties of Malaysian
Tualang honey was shown to be equivalent or better com-
pared to Manuka honey in vitro [31]. Another study
revealed that Tualang honey has comparable result for
Gram-negative bacteria in-vitro [32]. The quantitative ana-
lysis of microbiological examination of this study has
shown that Tualang honey-treated rats demonstrated a
reduction in bacterial growth compared to hydrofibre
silver and hydrofibre-treated wounds in Pseudomonas
aeruginosa inoculated wounds (p = 0.005), with marked
bacterial growth reductions. Semi-quantitative analysis of
the Pseudomonas aeruginosa group showed that Tualang
honey treated wounds had significant decreased bacterial
counts in the initial 6 days post-burn injury. Both the
quantitative and semi-quantitative analyses indicated that
the Pseudomonas aeruginosa control by Tualang honey
was superior compared witht h eo t h e rt w od r e s s i n g
groups. In vitro study reported by Tan also showed that
Tualang honey exhibit strong antibacterial activity against
Pseudomonas aeruginosa [31]. This report showed the
effectiveness of Tualang honey in controlling the prolifera-
tion of Pseudomonas aeruginosa. It can prevent burn
wound infections in those Pseudomonas aeruginosa inocu-
lated burn injury. The wound healing process will slow
down if there is presence of underlying infection. The
healing process will proceed orderly only when the infect-
ing bacteria is cleared. This may further reduce the inci-
dence of systemic sepsis and mortality. Previous studies
reported that Manuka honey and honey pastures were
effective in preventing the growth of Pseudomonas on the
surface of wounds [33]. Local application of raw honey on
infected wounds reduced the time for eradication of the
bacterial infection due to Klebsiella sp [34]. However, in
this study, the overall poor antibacterial activity of Tua-
lang honey against Klebsiella pneumoniae was unexpected
in light of previous reports. The difference in results may
be due to the different types of honey used in the studies.
Previous studies used variable concentrations of honey to
test the eradication of bacterial infections, and the present
study used pure Tualang honey to determine its efficacy
against Klebsiella pneumoniae. It is likely due to the varia-
tion in the composition of Tualang honey used in the pre-
sent study. Part of the explanation may be that Klebsiella
pneumoniae is a Gram-negative encapsulated organism,
which reduces the penetration of honey.
Pseudomonas aeruginosa, Acinetobacter baumannii
and Klebsiella pneumoniae are common pathogens that
can cause nosocomial infections in a hospital setting.
A study on the rate of infections in burns showed that
Figure 3 Comparison of colony count (CFU) among 3 wound
dressings over time in Pseudomonas aeruginosa wounds. n = 36,
* p < 0.05.
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death, and Pseudomonas aeruginosa and Klebsiella sp.
were the most common organisms. These organisms
have resistance to many antibiotics and have become
the predominant agents of wound sepsis in hospitals
[35]. This study shows inhibition of Pseudomonas aeru-
ginosa by Tualang honey with a topical application at a
concentration of 0.1 ml/cm
2. This shows the efficacy of
antibacterial factors present in Tualang honey. There-
fore, Tualang honey plays an important role in control-
ling the growth of bacteria, especially Pseudomonas
aeruginosa, which may further avoid the burn wound
infections that lead to systemic sepsis. The quantitative
and semi-quantitative analyses indicated and supported
that the Pseudomonas aeruginosa control by Tualang
honey was superior compared with the other treatment
groups. The relative benefit needs to be evaluated in
clinical trials.
Conclusions
This experiment shows the positive effect of Tualang
honey as a sound topical dressing for full-thickness burn
wounds in an animal model. Tualang honey had better
results with regard to its control of Pseudomonas aerugi-
nosa infection and its wound contraction effects on burn
wounds.
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